Background: To describe the utilisation of antibiotics in children and adolescents across 5 European countries based on the same drug utilisation measures and age groups. Special attention was given to age-group-specific distributions of antibiotic subgroups, since comparison in this regard between countries is lacking so far.
Background
Antibiotics are among the most widely prescribed medications in Europe [1] . Resistance to common antibiotic agents has grown among a majority of bacterial pathogens and is widely acknowledged to be an increasing threat to global public health [2, 3] . Population exposure to antibiotics is recognised as an important cause for the emergence of resistant bacterial strains [4] [5] [6] . Due to a high burden of respiratory infections in paediatric populations, antibiotic prescribing is particularly common in the treatment of childhood diseases. However, frequent childhood respiratory conditions such as sore throat, acute otitis media, acute cough, sinusitis, common cold, and acute bronchitis are predominantly caused by viruses and mostly do not benefit from antibiotic therapy [7] [8] [9] [10] . Thus, high prescribing of antibiotic agents to the paediatric population is a recognised indicator for inappropriate prescribing patterns in primary care [11] .
Several studies have been published in the last decade either assessing antibiotic use in paediatric populations of single European countries [11] [12] [13] [14] [15] or conducting comparisons of paediatric antibiotic use between up to three countries [16, 17] . Findings showed wide variations across Europe in the prescribing of systemic antibiotics to children and adolescents [12] . Comparability of these studies was, however, limited due to differences in drug utilisation measures, inclusion criteria of the study populations, age group categorizations and classifications of antibiotic subgroups [11] [12] [13] [14] [15] [16] [17] [18] . In addition, comparison of the age-group-specific distributions of antibiotic subgroups between countries is lacking so far.
The aim of the present study was to compare outpatient prescribing of systemic antibiotics to children and adolescents in the age group 0-18 years between Denmark, Italy, Germany, the Netherlands and the UK for the years 2005-2008, based on a standardised protocol for data extraction and analysis for each database in these countries. Special attention was paid to differences of age-group-specific use of different antibiotic subgroups across countries. Seasonal variations of prescribing rates were described to assess impact of antibiotic treatment of mostly viral respiratory infections during winter months on total use.
Methods

Data sources
Data were retrieved from one general practice database (The Health Improvement Network (THIN), UK), one outpatient pharmacy dispensing database (PHARMO, the Netherlands) and three claims databases (Aarhus University Hospital Database, Denmark; German Pharmacoepidemiological Research Database (GePaRD), Germany; Emilia Romagna regional database, Italy). These electronic healthcare databases cover a total source population of about 23 million persons. All databases are in compliance with European Union guidelines on the usage of medical data for research. The study was given approval by regulatory agencies or by scientific and ethical advisory boards of the databases where applicable. All five databases comprise medical information of a defined population. Detailed descriptions of these databases including specifics regarding approvals for use of data for this study are enclosed as Additional file 1. , whichever came first. Over the follow-up period, members of the study population could contribute to more than one age category. Children and adolescents up to the age of 18 years were included and divided into the age groups ≤4, 5-9, 10-14, and 15-18 years. This age group classification was chosen, since it was commonly used in other studies of antibiotic utilisation in the paediatric setting and hence allows comparison of age-group-specific use across studies [11, 15, 19, 20] .
Study design and statistical analysis
Utilisation of systemic antibiotics (Anatomical Therapeutic Chemical (ATC) code: J01) was measured as the annual prescription rate, i.e. the number of prescriptions divided by 1,000 person years. Person years rather than individuals were used as denominator, given that not all children could be followed for an entire year. Prescription rates were chosen as a main outcome measure instead of Defined Daily Doses (DDDs) per person time, since dosing of antibiotics depends on a patient's age and body weight. Prescription rates are therefore more appropriate to describe antibiotic use among children and conduct comparison between children in different age groups than DDDs per person time [12] . Seasonal trends were analysed by monthly prescription rates per 1,000 person years. To express utilisation on the level of chemical substances, the annual prescription rate per 1,000 person years, was estimated for single agents for the year 2008 as this was the year to which all databases contributed.
Outpatient prescriptions of systemic antibiotics were divided into the following subgroups (ATC codes in brackets): Tetracyclines (J01AA), broad spectrum penicillins (J01CA, J01CR), narrow spectrum penicillins (J01CE, J01CF), second generation cephalosporins (J01DC), third generation cephalosporins (J01DD), sulphonamides/trimethoprim (J01EB, J01EE, and J01EA), macrolides (J01FA) and nitrofuran derivatives (J01XE). Less frequent antibiotics were pooled in the subgroup 'others'.
To describe differences in the distribution of antibiotic subgroups between countries, age-group-specific proportions of antibiotic subgroups were calculated for each database in the year 2008 based on the respective total number of systemic antibiotic prescriptions per age group.
Local data extraction was conducted by using standardised purpose-built Jerboa® software, which was previously developed by the Erasmus University Medical Center and tested against different scripts [21] . Measures of antibiotic utilisation as much as the corresponding numerators and denominators for each database population were calculated locally on different levels of the ATC Classification System, stratified by age in years, sex, calendar months and calendar year. These analyses followed a common protocol. Anonymised and aggregated data were sent to a remote research environment (RRE) at Erasmus University in Rotterdam, the Netherlands, which could be accessed via a secured password to conduct further statistical analyses. These further analyses were conducted using SAS® 9.2.
Results
The In all five countries and all years, the highest prescription rates were found in the age group ≤4 years and the lowest rates were observed in the age group 10-14 years (Table 1) .
Prescription rates in children and adolescents in the Netherlands and the UK fluctuated slightly between the years 2005 and 2008, overall and in different age groups (Table 1) . Similarly, the number of prescriptions per 1,000 person years in Danish children changed marginally throughout the course of the study. Nevertheless, an increase by 22.7% could be observed in the age group ≤4 years between 2005 and 2008 (Table 1) . In Germany, a progressive decline of the annual prescription rates could be observed over all four age groups during the study period (Table 1) .
Monthly prescription rates were lowest in July and August and rose continuously until reaching their peak between December and March of the following year. Seasonal increases in the winter months were most pronounced in Italy followed by Germany (Figure 1) .
In all countries except Denmark, broad-spectrum penicillins formed the largest subgroup of prescribed systemic antibiotics, with proportions varying between 23.8% in Germany and 57.4% in Italy (Table 2 ). Proportions of broad spectrum penicillins were highest in the age group ≤4 years and decreased gradually with age in all five countries. Narrow-spectrum penicillins were most widely used in Denmark (51.7%) and covered different proportions in the four other countries, from 0.1% (Italy) to 23.5% (UK) ( Table 2) .
Cephalosporins were hardly prescribed to Danish and Dutch children, whereas second and third generation cephalosporins were the most prescribed cephalosporins in Germany and Italy, respectively. Relative use of second and third generation cephalosporins was highest in the age group ≤4 years and gradually decreased with age ( Table 2) . Use of macrolides increased with age and accounted for 20.7% of total use in Italy, 20.3% in Germany, 16.0% in the Netherlands, 12.5% in the UK and 13.5% in Denmark. Proportions of macrolide use increased with age (Table 2) .
Overall, tetracyclines covered varying proportions, from 0.4% in Denmark to 7.8% in the UK. In line with age restrictions, relevant relative use of tetracyclines was only found above ten years of age in all five countries (Table 2) .
Amoxicillin and clarithromycin were among the 12 agents with the highest annual prescription rates in all databases (Table 3) . Amoxicillin was either the most or among the three most commonly prescribed agents. Only in Italy, Amoxicillin plus enzyme inhibitor showed the highest prescription rate. Phenoxymethylpenicillin (e.g. penicillin V) was most prescribed in Denmark and was also frequently prescribed in Germany and the UK. In contrast, this agent was not prescribed to Italian children and its use in the Netherlands was negligible (Table 3 ).
Discussion
Our study provides comprehensive information on the utilisation of systemic antibiotics among children and adolescents in the age group ≤18 years in Denmark, Italy, Germany, the Netherlands and the UK during the years 2005 to 2008. Our findings illustrate striking variations of total systemic antibiotic use in paediatric outpatient care between these countries. Substantial differences of outpatient antibiotic use among children across Europe have been described before, but these previous studies only provided comparable data of drug use for up to three countries and suffered from different definitions of drug utilisation measures. Furthermore, comprehensive data about age-group-specific distributions of antibiotic subgroups was lacking for most countries of this study and a comparison has not been conducted so far. In 2001, the European Surveillance of Antimicrobial Consumption Project was established to gather reliable and comparable information on the utilisation of antibiotics in Europe, however, without distinguishing between adults and children [1] . The current study captured outpatient systemic paediatric antibiotic use of five countries in different European regions ensuring high inter-country comparability, due to consistent definition of drug utilisation measures, age groups and classification of antibiotic subgroups.
Overall, the annual antibiotic prescription rates in the Italian region Emilia Romagna were more than three times higher than those in the Netherlands, the country with the lowest prescription rates, and still substantially higher than those in Germany, the country with the second highest use. When compared to other studies, magnitude of paediatric antibiotic use in Italy exceeded use reported for Canada (608 prescriptions per 1000 children <15 years of age in 2003) [19] and Sweden (764 prescriptions per 1000 children 0-6 years of age in 2002) [15] as well, but appears to be comparable to the U.S. (910 prescriptions per 1000 person years in children <18 years of age in 2001) [22] . High antibiotic prescribing in the Italian outpatient setting compared to the other countries in our study might be related to differences with regard to historical backgrounds, cultural and social factors, awareness about antibiotic resistance in the community and among healthcare providers [23] as well as the ability of physicians to adequately diagnose common infectious diseases [16] . So far, reasons for strong variations of antibiotic use across European countries have not yet been fully investigated. Nevertheless, previous studies suggest that awareness about antibiotic resistance [24] and inadequacy of antibiotics to treat viral infections [25] is poor among Italian patients and perception of parent expectations by Italian physicians is a major determinant of antibiotic prescribing to children [26] . In contrast, several previous studies showed antibiotic utilisation in the Netherlands to be lowest in Europe, overall and in the paediatric setting [6, 13] . The Netherlands are a country with a strict prescribing policy for antiinfectives, and there are intensive efforts into promoting guideline-appropriate prescribing habits to combat antibiotic resistance [27] .
Although antibiotic use was by far the highest among Italian children and adolescents, antibiotic prescription rates in Denmark, Germany and UK still exceeded those in the Netherlands to a great extent. These observed strong variations of total paediatric antibiotic use among the countries of study are unlikely to reflect an actual therapeutic need which would have to be based on marked differences in the burden of infectious diseases between these countries. This assumption is also supported by the observed pronounced increases of prescription rates during winter months which were expectedly highest in Italy, and smallest in the Netherlands. Increases of antibiotic use are most likely related to seasonal rise of predominantly viral respiratory infections and hence should be limited [1] .
Since our findings could not provide information beyond the 4-year study period, we compared our prescription rates with those of other studies which included other study years or longer time periods. In this respect, our data for the years [2005] [2006] [2007] [2008] [11] . However, differences to our findings for the years 2005 to 2007 were small and might have resulted from variations in the regional distribution of general practices contributing data to THIN and/or the GPRD. We observed a steady decrease in prescription rates in Germany during [2005] [2006] [2007] [2008] . Another German study also based on GePaRD data found slightly higher prescription rates among German children without an obvious downward trend for the years 2004-2006 [18] . This former study, however, included data from four rather than three health insurances, resulting in a study population of about twice as many children as in this study which may explain the difference.
We also detected remarkable differences in the choice of antibiotic subgroups between the countries of our study. Narrow spectrum penicillins formed the majority of systemic antibiotics in Denmark, whereas prescriptions of broad spectrum penicillins were most frequent in the four other countries. In line with that, the highest agentspecific prescription rates were reported for phenoxymethylpenicillin in Denmark, amoxicillin in Germany, the Netherlands and the UK and amoxicillin plus enzyme inhibitor in Italy. Relatively high use of narrow spectrum penicillins in Denmark in comparison to other European countries has also been reported previously [6] . However, it is noteworthy that even though proportions for narrow spectrum penicillins were highest in Denmark, broad spectrum penicillins formed the antibiotic subgroup most frequently prescribed to children in the age group ≤4 years in all 5 countries. This might be due to frequent use of amoxicillin or amoxicillin and enzyme inhibitor in the treatment of acute otitis media, which shows the highest incidence in the first two years of life [28] .
Macrolides were commonly prescribed in all five countries with the highest use in the age groups 10-14 and 15-18 years. Relative proportions of macrolide use were lowest in Denmark. This finding is in agreement with a Danish practice guideline which recommends restricting the use of macrolides to patients with penicillin allergies in the treatment of common childhood infections [21] . Several studies from the U.S. and Europe show a strong association of high macrolide use and the emergence of resistant strains of pneumococci and other common pathogens [23] [24] [25] . Hence high prescription rates of macrolides are questionable and likely to unnecessarily increase selective pressure on bacterial pathogens. In particular high use of clarithromycin and azithromycin in the Emilia Romagna region appears unjustified, since international guidelines do not recommended these agents as first-line treatment of common childhood infections [29] [30] [31] [32] . Furthermore, longer plasma half-life of azithromycin and clarithromycin in contrast to erythromycin might even accelerate the emergence of antibiotic resistance [33, 34] .
Our findings regarding paediatric cephalosporin use are in line with previous studies which reported strong variations of cephalosporin prescribing across Europe, with the lowest prescription rates in the Netherlands and Denmark [13, [18] [19] [20] 35] . Overall, the prescription rate of cefaclor (a second generation cephalosporin) in German children was the second highest after amoxicillin, and use of second generation cephalosporins was particularly common in very young children. Only in Italy, the parenterally administered third generation agent ceftriaxone was prescribed frequently. Considerably higher prescribing of parenteral antibiotics in Italian outpatient care in contrast to Northern European countries has been reported previously [36] . The high relative use of cephalosprines in Germany and Italy as observed here, suggests frequent prescribing of these antibiotics as a first-line treatment of common paediatric respiratory infections. This is in conflict with international practice guidelines [29, 30] recommending that cephalosporins should be preserved for second-line treatment in cases such as treatment failure of first-line agents, non-type 1 allergy to penicillins or unusually severe symptoms.
Strengths and limitations
Our study overcomes limitations of previous studies and facilitates the comparison of paediatric antibiotic prescriptions in five countries based on a common protocol using the same drug utilisation measures. It provides insight into the age-group-specific distributions of antibiotic subgroups in the paediatric setting of the participating countries. Ascertainment of antibiotics prescribed in the outpatient setting was complete in all databases except Denmark, where some antibiotics as e.g. cephalosporins are reimbursable only in particular circumstances and might therefore have been underascertained. Nevertheless, given that the Danish National Health System reimburses antibiotics for the entire spectrum of childhood indications, [37] the proportion of antibiotics which could not be captured due to private prescribing appears to be small. Besides this, differences of antibiotic use across countries reflect differences in prescribing behaviour of outpatient providers and not in the type of data.
Our study has some limitations, which have to be taken into consideration. First, for this study only data for the years 2007 and 2008 was available from the Northern Italian region Emilia Romagna. Hence, insight into the development of antibiotic prescribing over time is limited. However, our findings are in good agreement with Gagliotti et al. [14] In addition, extrapolation from our findings to Italy in general is not straight forward, given considerable regional differences of prescribing patterns in Italy. Nonetheless, previous studies about marked heterogeneity of antibiotic use across Italy with up to 19% higher paediatric prevalence rates of antibiotic exposure in southern regions compared to Emilia Romagna [35] indicate, that overall paediatric antibiotic use in the Italian outpatient setting during the years of our study might have been even higher than suggested by our findings.
Since all five databases only provide information on drugs prescribed in the outpatient setting, antibiotics administered to inpatients to treat severe childhood infections could not be studied. Given that indications underlying the issued prescriptions were not available in all databases, the appropriateness of single treatment courses could not be assessed. Additionally, compliance with the antibiotic prescription remains unknown.
Conclusions
Comparison of paediatric antibiotic consumption between different European countries revealed a wide variability of antibiotic prescribing patterns. Strong variations of overall and age-group-specific distributions of antibiotic subgroups across countries, suggests that antibiotics are inappropriately used to a large extent. Considerably higher prescription rates along with higher seasonal increases, particularly in Italy, in contrast to the Netherlands suggest frequent utilisation of antibiotics in the treatment of mostly viral respiratory infections. This study showed the benefit of using a common methodological approach to provide comparable and detailed data on paediatric antibiotic prescribing across Europe. Study results allow health care practitioners and policy makers to audit country and age-group-specific patterns of paediatric antibiotic use with regard to both total level of prescribing and the distribution of antibiotic subgroups/substances. Competing interests JH, TS, GM, FI, AO, EP, AP, SPU and GT declare that they have no competing interest. IB has received grants from several pharmaceutical companies and funding organizations in the previous 3 years. MCS has received grants from Pfizer, grants from Boehringer, grants from Novartis and grants from Eli Lilly in the previous 3 years. MM has received grants from the International Serious Adverse Events Consortium, i SAEC (collaboration of academia and industry) in the previous 3 years. EG is running a department that occasionally performs studies for pharmaceutical industries. These companies include Bayer, Celgene, GlaxoSmithKline, Mundipharma, Novartis, Sanofi-Aventis, Sanofi Pasteur MDS, and STADA. EG has been a consultant to Bayer-Schering, Nycomed, GlaxoSmithKline, Teva and Novartis. EG is a member of the German Standing Vaccination Committee (Ständige Impfkommission, STIKO).
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